Vegetation-concrete is one of the most widely used substrates in ecological slope protection engineering. e porosity of the vegetation-concrete must be high enough to satisfy the growth needs of the plant roots, while the mechanical properties must be strong enough to satisfy the self-stability requirement of the substrates on the slope. It is necessary to balance these two aspects in the design of vegetation-concrete. As one of the main components in vegetation-concrete, organic material has a remarkable effect on both the porosity and the mechanical properties of the substrate. In this paper, four types of common organic materials (rice husks, sawdust, and corn distillers' and unhulled rice distillers' grain) are chosen to research the effect of the organic material type and proportion on the porosity and mechanical properties of the substrate. e experimental results show that the porosity of samples containing corn distillers' grain is clearly higher than those of the other samples types, while situation of the mechanical properties is the opposite. It can be concluded that organic material with a large grain size is not suitable for use in vegetationconcrete directly and needs to be crushed before use to prevent crack formation. e research results also show that the rates of increase in porosity decrease with more organic material added, while the rates of decrease in the unconfined compressive strength and the elasticity modulus increase. From a comprehensive consideration of the required mechanical properties and plant growth, organic material with a small grain size is most suitable for use in vegetation-concrete, and the suitable proportion is between 7% and 9%.
Introduction
Ecological restoration is an important aspect of environmental protection in zones disturbed by engineering. In terms of their topography, engineering-disturbed zones can be divided into two types: flat ground and slopes. Ecological restoration on flat ground is very easy to achieve, and the related theories and technologies are comparatively mature. However, the gradients of excavated slopes, waste disposal slopes, and hydrofluctuation belt slopes are usually very steep, and it is difficult to maintain the self-stability of soil and plants on such slopes. erefore, ecological restoration on slopes has become a focus in the field of engineering. At present, several typical ecological restoration technologies involve spraying a thick layer of base material [1, 2] ; such methods include soil spraying [3, 4] and vegetation-concrete technology [5] [6] [7] .
Vegetation-concrete, composed of soil, cement, organic material, seeds, and water in certain ratios, is particularly suitable for ecological restoration on slopes whose gradient is between 45°and 85°. is technology has been applied along highways and around hydropower stations and mines, and the total application area has exceeded 2 × 10 6 m 2 ( Figure 1 ). However, continuous monitoring of the results of several restored slopes shows that most plant roots are distributed in only the surface layer of the vegetationconcrete. Clearly, this phenomenon is disadvantageous to the long-term stability of the plant community and is mainly due to the low porosity of the vegetation-concrete. Organic material is a type of porous medium that is helpful for forming a cementing agent that can improve the soil texture; therefore, adding more organic material may be a useful method to improve the porosity [8, 9] . Nevertheless, the proportion of organic material added to the concrete mix is inversely proportional to the resultant mechanical strength of the vegetation-concrete [10] . In this study, by researching the effect of different organic material types and proportions on the porosity and mechanical strength of vegetationconcrete, the most suitable type and proportion can be recommended.
Materials and Methods

Preparation of the Test Samples.
In engineering applications, the raw materials of vegetation-concrete should be inexpensive and easily obtained. us, four types of common organic materials were chosen for the experiment: rice husks (RH), sawdust (SD), corn distillers' grain (CD), and unhulled rice distillers' grain (RD). To maintain the consistency of the water contents of the samples, all the organic materials were dried before the samples were fabricated. e composition ratios of vegetation-concrete used in the experiment were as follows: the weights of the cement and water were 8% and 30% of that of the soil, respectively, and the tested design proportions of the organic material were 3%, 5%, 7%, 9%, and 11%, respectively. e characteristics of the materials were as follows. e soil was a type of yellow clay soil, and the dry density, natural water content, plastic limit, liquid limit, internal friction angle, and cohesion of this soil were 1.71 g/cm 3 , 25.3%, 22.5%, 40.4%, 14°, and 18 kPa, respectively. e cement was a type of ordinary Portland cement (P.O 32.5) produced by Yichang Huaxin Cement Co., Ltd. e RH was provided by the Weiming rice factory in the Xiling district of Yichang city, and the thicknesses of the husks were between 14 and 30 μm. e SD was provided by the Yemingzhu woodworking factory in the Yiling district of Yichang city, and the particle diameters were between 0.1 and 0.3 mm. e CD and RD grains were both provided by Daohuaxiang Wine Co., Ltd. in Longquan town of Yichang city, and the grain diameters were between 0.3 and 0.5 mm. e dimensions of the samples used for the porosity tests were 70.7 mm × 70.7 mm × 70.7 mm, while the dimensions of the samples used for the strength tests were 150 mm × 150 mm × 150 mm (Figure 2 ). e control standard of the sample quality was based on the density, and the samples whose density is between 1.55 g/cm 3 and 1.70 g/cm 3 satisfied the standard. ree samples were produced for each proportion of organic material tested.
e samples were all placed into a standard curing room for 30 days at a temperature of 20°C and a relative humidity of 95% [11] .
Test Methods
Porosity Test Method.
In soil science, there is no clear classification of porosity type. However, porosity in concrete can be divided into two types: connected porosity and total porosity. Connected porosity is the ratio of the connected pore volume to the apparent volume of the soil, while total porosity is the ratio of the total volume of the connected and sealed pores to the apparent volume. Because cement is an important component of vegetation-concrete, it is necessary to distinguish between the two types of porosity. According to the method given by Yang et al. and Wang et al. [12] [13] [14] [15] [16] [17] [18] , the total porosity (P 1 ) can be calculated as follows:
where W 1 is the weight of the sample soaked in water for 24 h and measured in water (g); W 2 is the dry weight of the sample measured in air (g); V is the apparent volume of the sample (cm 3 ); and ρ w is the density of the water when the temperature is 4°C (g/cm 3 ). e connected porosity (P 2 ) can be calculated as follows:
where W 3 is the weight of the sample after curing for 24 h and measured in air (g).
Unconfined Compressive Strength Test Method.
Vegetation-concrete is very similar to the soil cement used widely in the field of civil engineering [19, 20] . e major components of both materials are soil and cement, and the proportions of cement in soil cement and vegetationconcrete are also very similar. e mechanical properties of these two materials are closely related to the curing period, soil texture, and proportion of cement [21] . Consequently, it is reasonable to consult standards for soil or concrete testing when no direct relational standard or regulation for vegetation-concrete is available. Certain references on soil cement test methods suggest that using a universal testing machine to test the unconfined compressive strength of vegetation-concrete is feasible [22] [23] [24] [25] [26] .
In this experiment, the pressurized equipment is a computer-controlled electrohydraulic servo universal testing machine produced by Jinan Shijin Co., Ltd. (model No. WAW-Y1000C). e loading mode is strain-controlled, and the loading rate is 1.2 mm/min.
Results and Analysis
Connected and Total Porosities.
e calculation parameters and results for the connected and total porosities are shown in Table 1 . According to formulas (1) and (2), the difference between the connected and total porosity (ΔP) can be calculated as follows:
where ΔP is the sealed porosity (%).
Regarding the grain sizes of the organic materials used in the tests, the order is CD ＞ RD ＞ RH ＞ SD. According to Table 1 , it can be found that the samples containing SD and CD exhibit the maximum and the minimum ΔP, respectively. However, situation of P 2 is just the opposite. erefore, the use of organic material with a small grain size is advantageous for the formation of sealed pores in vegetation-concrete, while organic material with a large grain size is much more beneficial for the formation of connected pores. In addition, the results in Table 1 also show that the main reason of total porosity increase is connected porosity increase with more organic material added. It can be deduced that the effect of the proportion of organic material is more obvious on connected pores than on sealed pores.
e curves of porosity with organic material proportion are shown in Figure 3 . In general, the connected and total porosities of all the samples increase with increasing proportion of organic material. However, there are obvious differences between the curve change laws of the four types of samples. e rate of increase in the porosity of the samples containing RH decreases gradually with increasing proportion of organic material, while the rate of increase in samples containing CD remains almost stable. e curves of the samples containing SD or RD exhibit a stable stage when the proportion of organic material is between 7% and 9%.
e pores in vegetation-concrete include interconnected and sealed pores. Because the roots of plants can cross not only connected pores but also sealed pores, total porosity plays an important role in the growth process of plants. Because the difference between connected and total porosity ∆ P is a fixed value, the following analysis focuses mainly on total porosity.
In Figure 3 , the curves of samples containing CD are always on the top, showing that CD has a more significant impact on porosity than the other types of organic materials added at the same proportions. Regarding the increasing trend of total porosity when the proportion increases from 3% to 11%, the order is RH > RD > SD > CD. Although the total porosity of the sample containing RH is the lowest among the four types of samples when the proportion is 3%, the rate of increase is highest. e change law of samples Advances in Materials Science and Engineering 3 containing CD is the opposite: the porosity is the highest at first, but the rate of increase is the lowest. In addition, the porosity variance of the four types of samples is clearly considerable when the organic material proportion is 3%, but the variance decreases when the proportion reaches 11%. e results can be divided into four stages with an increasing proportion of organic material.
e rates of the increase in porosity for all samples during the first stage are greater than those during the other three stages; the rates of increase decrease as the proportion increases. It can be deduced that the impact of the organic material on the porosity is greater when less organic material is added.
Characteristics of the Stress-Strain Curve.
e stressstrain curves for an organic material proportion of 9% are chosen for analysis. In Figure 4 , the curves in each graph correspond to the three identical samples tested for each experimental condition.
e curves for the samples containing CD are the least smooth. e main reason for this may be that the degree of expansion of CD is high when water is encountered, and microcracks gradually appear and grow inside the samples under a high-humidity curing environment. In addition, the strain of samples containing CD is very small when the stress is between 0 and 18 kPa, suggesting that samples that containing CD possess the characteristics of brittle deformation [27] .
is may be mainly because the grain size of CD is large and the interface contact area between the organic material and soil is small, which are disadvantageous to the interface binding property.
en, brittle deformation would occur if samples could not rely on the interface contact deformation to bear stress [28] .
Similar to soil cement, vegetation-concrete possesses characteristics of both a hard brittle material and plastic material. By calculating the average value of the three samples for each test, the stress-strain curves of all the samples can be obtained ( Figure 5 ). Each curve can be divided into 5 basic stages: (1) stage I is an automatic adjustment stage because the sample surface is not flat and is not in complete contact with the loading device; (2) stage II is the elastic deformation stage, when the stress is between 30% and 70% of the peak value, and is accompanied by slight plastic deformation due to the formation of a few microcracks caused by tensile stress in the samples; (3) stage III is a plastic deformation stage, when the stress is between 70% and 90% of the peak value; (4) at stage IV, the size and depth of the cracks increase rapidly as soon as the stress reaches the peak value; and (5) in stage V, the strain continues to increase, and the sample can rely on only the friction force among the fragments created by cracks to bear the stress. In Figure 5 , the peak stresses of all the samples clearly decrease with an increasing proportion of organic material, and the times at which the peak stresses are achieved are also postponed. It can also be found that the curves of samples containing SD are more closely spaced than those of other samples, and the corresponding peak stresses are also the greatest. erefore, the change in the proportion of SD has the lowest negative impact on the mechanical properties of the vegetation-concrete among the four types of organic material. In addition, with regard to the maximum strain, the samples containing SD all have strains greater than 27 × 10
, while other samples exhibits strains of only approximately 25 × 10 −3 . erefore, the deformation adaptability of samples containing SD is better than those of samples containing other organic material types [29] .
Unconfined Compressive Strength and Elasticity Modulus.
By extracting the data shown in Figure 5 , the peak stress of all samples can be obtained. In Table 2 , the unconfined compressive strength of samples containing CD is obviously lower than those of the other samples tested, which is also due to the microcracks caused by the expansion of the CD. With an increase in the proportion of organic material, the unconfined compressive strengths of all the samples decrease, and the rate of decrease as the proportion increases from 3% to 5% is lower than those during other stages, indicating that the impact of the proportion of organic material on the unconfined compressive strength is small when the proportion is low. In addition, the strength ratios (q 11% /q 3% ) of the four types of samples are 0.575, 0.616, 0.645, and 0.592, where q 3% and q 11% are the unconfined compressive strengths when the organic material proportions are 3% and 11%, respectively. In other words, the order of the rate of decrease in the unconfined compressive strength is RH > RD > SD > CD. Notably, the unconfined compressive strength of the sample containing SD is still greater than 0.3 MPa when the organic material proportion is 11%.
e elasticity modulus can also be extracted, as shown in Table 3 and Figure 5 .
e change law of the elasticity modulus is similar to that of the unconfined compressive strength, and it can be proven that the nondeformability of samples containing SD is the highest. e modulus ratios (E 11% /E 3% ) of the four types of samples are 0.444, 0.494, 0.400, and 0.429, where E 3% and E 11% are the elasticity moduli when the organic material proportions are 3% and 11%, respectively. In other words, the impact of the proportion of SD on the elasticity modulus is the lowest among the results of the four types of organic materials.
Suitable Type and Proportion of Organic Material Used in Vegetation-Concrete
According to the research findings of Zheng et al. [30] , the three-phase distribution of soil that is suitable for plant growth is as follows: the volumes of the solid material, water, and air are approximately 50%, 25%, and 25% of the total soil volume, respectively; and the weights of the mineral substances and organic matter are approximately 95% and 5% of that of the solid material, respectively. However, Zhou and Zhang insisted that plants can still grow effectively even if the three-phase distribution of the ecological base material is not up to the above standard [31] . In this paper, it is found that porosity has an inverse relationship with unconfined Ratio of organic material (%) Advances in Materials Science and Engineeringcompressive strength. erefore, the best solution regarding the use of organic material is to enhance the porosity as much as possible under the condition of satisfying the mechanical property requirements. Xu et al. noted that the self-stability and antierosion ability of vegetation-concrete on a slope is sufficient when the unconfined compressive strength is more than 0.3 MPa and space for plant growth is sufficient when the total porosity is between 30% and 45% [32] . According to the research results in this paper, a suitable organic material has a small grain size, and the appropriate mixing proportion is between 7% and 9%. Under this condition, the unconfined compressive strength can exceed 0.34 MPa, and the total porosity can exceed 36.15%.
Conclusions
With an increase in the organic material proportion, the sealed porosity of vegetation-concrete remains stable, the total porosity increases, and the unconfined compressive strength decreases. e main reason for these trends is that the connected porosity increases.
Although the total and connected porosity of samples containing organic material with a large grain size are clearly higher than those containing organic material with a small grain size, the resulting unconfined compressive strength and elasticity modulus are too low for vegetation-concrete to maintain self-stability.
erefore, organic material with a large grain size is not suitable for use in vegetation-concrete directly; it needs to be crushed before being used to prevent crack formation.
Considering the requirements concerning plant growth and mechanical properties, organic materials with a small grain sizes are more suitable for use in vegetation-concrete, and the suitable mixing proportion is between 7% and 9%.
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